Background and Objective Morton neuroma is a common cause of metatarsalgia of neuropathic origin. Systematic reviews suggest that insufficient studies have been performed on the efficacy of the different treatments available.
Introduction
Morton neuroma is a common cause of metatarsalgia. It is characterized by a thickening at the bifurcation of the plantar digital nerve, typically developing in the third intermetatarsal space and, less frequently, in the second intermetatarsal space [1] . Histology usually reveals endoneural and perineural fibrosis at the level of the heads of the metatarsals [2] , and it is therefore considered to be an entrapment neuropathy in which the intermetatarsal ligament could play a key role [3] . Morton neuroma has been associated with various overload mechanisms and particularly with the use of inadequate footwear. Previous studies have reported a prevalence of Morton neuroma of around 30-33 % [4] . Morton neuroma is eight to ten times more common in women than in men; this may be related to the use of shoes with high heels or with a constricting toe box [5, 6] .
Morton neuroma is named after Thomas G. Morton [7] who described it in 1876, though earlier descriptions exist [8] . The symptoms are characterized by plantar pain of neuropathic characteristics in the forefoot, typically between the third and fourth toes. The pain is more intense during standing and walking and is exacerbated by the use of footwear with a high heel or narrow toe. It is described as a stabbing pain that radiates to the medial and lateral borders of the affected toes in the territory supplied by the plantar digital nerves.
On physical examination there is usually a tender point on the dorsal aspect of the corresponding intermetatarsal space. There may be altered sensation, with the hyperaesthesia characteristic of neuropathic pain, which can be provoked by testing light touch sensation over the medial and lateral surfaces of the affected toes.
Clinical diagnosis can be confirmed by sensory nerve conduction studies of the interdigital nerve, ultrasound or magnetic resonance imaging (MRI) (Fig. 1) [9] . An MRI increases the range of detectable differential diagnoses, which include intermetatarsal bursitis, arthritis, synovitis, osteomyelitis, foreign body granuloma, stress fracture, Freiberg disease and metatarsophalangeal subluxation [4] .
Treatment of Morton neuroma can be conservative or surgical [10] . Patients are often instructed to use footwear that does not enclose the forefoot. Metatarsal offloading orthoses have also been used. In addition, corticosteroid injection and nerve blocks with local anaesthetic [5] or alcohol [11] are recommended. The principal surgical option indicated for cases refractory to conservative treatment is neurectomy [12] . Systematic reviews suggest that insufficient studies have been performed to demonstrate the efficacy of the different treatments employed or whether any one treatment is superior to the others [5] .
Botulinum toxin A is a peptide formed by a light and a heavy chain linked by a disulphide bridge. It acts as a protease at the presynaptic nerve terminal, blocking acetylcholine release at the motor endplate. Because of this it has been used for decades in the treatment of disorders characterized by muscle hyperactivity, such as spasticity or dystonia [13] . Its analgesic potential was also observed when, in addition to decreasing the hyperactivity, it was found to improve the pain in patients with dystonia [14] . This initial finding was later confirmed when its analgesic therapeutic effect was observed in other conditions such as epicondylitis, low back pain, piriformis syndrome [15] , migraine [16] and plantar fasciitis [17] .
In recent years, this analgesic effect has also been investigated in the field of neuropathic pain [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . The analgesic effect of the toxin may be related to inhibition of neuropeptide release in the nociceptive terminals [28] .
The objective of the present study was to investigate the effect of treatment with onabotulinumtoxinA on the neuropathic pain of Morton neuroma.
Patients and Methods
We present an open pilot study performed on patients with Morton neuroma who attended the Rehabilitation and Orthopaedics Outpatients Clinic of Alicante University General Hospital, Alicante, Spain, and in whom the symptoms had not improved after treatment involving footwear modification and orthoses. The following inclusion criteria were applied: diagnosis of Morton neuroma, pain of more than 3 months' duration and with a pain intensity on walking C5 on a visual analogue scale (VAS). The diagnosis of Morton neuroma was confirmed by MRI or ultrasound in all patients. Seventeen consecutive patients who satisfied these criteria were included in the study. All patients received detailed information about the nature of the study, its objective and the therapeutic procedures involved. They all agreed voluntarily to participate in the study and signed an informed consent form. This research has received the approval of the ethics committee of Alicante General Hospital.
The following clinical variables were studied: body mass index, type of footwear (narrow-toed or broad-toed), occupational activity requiring standing, number of hours walking per week (more or less than 3 h per week), previous treatment with corticosteroid injections, type of footprint, foot morphology, web space affected and nocturnal pain.
The primary outcome measure was pain intensity on walking, evaluated using a VAS with a score range from 0 to 10 points. Secondary variables were studied using the Foot Health Status Questionnaire, for which there is a validated version in Spanish [29] . This questionnaire offers four domains related to foot health: foot pain, foot function, general foot health and footwear [30] . Optimum foot health is considered to be a score of 100 points and lower values indicate the percentage deterioration in the dimension being evaluated.
All patients received a single injection of onabotulinumtoxinA (Botox Ò , Allergan, Irvine, CA, USA) in the area of the neuroma. The site of injection was selected by anatomical skin marking based on the findings of the MRI scan and concordance with the site of pain. All patients received a dose of 50 units of onabotulinumtoxinA dissolved in 0.5 mL of normal saline.
The statistical study was performed using the SPSS software package version 15.0 (SPSS Inc., Chicago, IL, USA). Before data analysis, the Shapiro-Wilk test was employed to test for a normal distribution of the dependent variable. The values of the dependent variables before treatment and at 1 and 3 months after treatment were compared using repeated measures ANOVA. The possible influence of the clinical variables was studied by calculating the percentage of patients in whom the pain had improved at 3 months after treatment in each subgroup defined by the clinical variables; the percentages were then compared using contingency tables and the Chi-square test to determine the influence of each clinical variable on outcome. The Pearson coefficient was calculated to determine the relationship between quantitative variables.
Results
Seventeen patients [ten women (59 %) and seven men (41 %)] with a mean (standard deviation) age of 59.29 (2.65) years were included in the study.
The clinical characteristics of the patients are summarized in Table 1 . Analysis of the results of the overall group (Table 2) showed a significant improvement in pain on walking measured using the VAS (Fig. 2 ) and in the foot pain and foot function (Fig. 3) dimensions of the Foot Health Status Questionnaire; the improvements in the other dimensions evaluated by the questionnaire (general foot health and footwear) did not reach statistical significance.
In terms of pain relief at 3 months after treatment, 12 patients (70.6 %) showed improvement and 5 patients (29.4 %) obtained no relief of their symptoms. The percentage improvement in each of the different subgroups of the sample is shown in Table 3 . None of the clinical variables studied (body mass index, footwear, standing occupational activity, walking more than 3 h per week, previous treatment with corticosteroid injections, type of footprint, foot morphology, interdigital space affected or nocturnal pain) was found to have a significant influence on the initial pain intensity or on the outcome of treatment measured using the primary or secondary outcome variables.
The size of the neuroma also had no effect on the percentage of patients who presented an improvement in the pain score on the VAS 3 months after treatment. The largest and smallest diameters of the neuromas showed correlations of 0.16 and 0.19, respectively, with the outcome measure. Nor was treatment outcome related to patient age (correlation, r = 0.15). None of the patients reported any local, distant or generalized adverse effects after the injection.
Discussion
This is the first study of the effect of onabotulinumtoxinA on the symptoms of Morton neuroma. The data obtained show an improvement in pain at rest and on walking and an improvement in foot function; these improvements were detectable at 1 month after treatment and persisted at significant levels until the end of the study (3 months) in the sample analysed.
Local corticosteroid injection is usually indicated when the first-line treatment of Morton neuroma by footwear modification and the use of orthoses does not achieve adequate control of symptoms. Favourable results have been reported in 76 % of cases 1 week after corticosteroid injection [3] . These good immediate results have not always been confirmed after a longer follow-up of months or years-the percentage of patients with continued improvement varied between 30 and 66 %, depending on the series [2, 31, 32] . One classic series reported improvement in only 40 % of patients despite repeating the injection on up to four occasions [6] . The injection of an alcohol solution into the Morton neuroma has also been proposed; published series have reported improvements in 69-84 % of patients [11, [33] [34] [35] . In some studies, the infiltration was repeated on up to four occasions. It should be noted that this procedure can lead to an increase in symptoms in the initial weeks in up to 16 % of patients [36] .
A number of studies have been published in which onabotulinumtoxinA has been shown to have analgesic activity in conditions associated with neuropathic pain, Fig. 2 Boxplot of the changes in pain on walking as measured on the visual analogue scale (VAS) before injection and at 1 and 3 months after treatment (n = 17 patients). The box represents 25th, 50th and 75th percentiles and the whisker represents the range Fig. 3 Boxplot of the changes in foot function measured using the Foot Health Status Questionnaire (FHSQ) before injection and at 1 and 3 months after treatment (n = 17 patients). The box represents 25th, 50th and 75th percentiles and the whisker represents the range such as postherpetic neuralgia [22] , carpal tunnel syndrome [23] , occipital neuralgia [24] , diabetic polyneuropathy [25] , trigeminal neuralgia [26] and phantom limb syndrome [37] . Morton neuroma, a well-known cause of neuropathic pain, is a localized lesion that can be observed on imaging studies, and it therefore represents a good model to study the possible beneficial effect of the local injection of different drugs. In this open pilot study, onabotulinumtoxinA improved the foot pain and foot function scores both at 1 month and at 3 months; this would suggest a potential beneficial therapeutic effect on the symptoms of Morton neuroma. The mechanism of action of onabotulinumtoxinA in neuropathic pain must be considered in the context of its activity as a protease of the cytoplasmic transport proteins. This activity could lead to a reduction in the concentration of some of the nociceptive neurotransmitters such as substance P, glutamate and calcitonin gene-related peptide [28] . It is also possible that it could inhibit the transport proteins of the membrane receptors. This blockade of neurotransmitter release could alter sensitization phenomena, interrupting the cascade of local events that precipitates the situation that perpetuates the pain [38] . This modulation of sensitization may also be implicated when botulinum toxin is used in the treatment of myofascial pain syndrome [39] [40] [41] [42] [43] [44] .
The results of this study show that 29.4 % of the sample showed no benefit whatsoever from the treatment. This result contrasts with the marked and sustained improvement in 70.6 % of the patients. An analysis of the clinical variables studied did not identify a specific profile of the patients who did not respond, as it was not possible to find any variable that was predictive of the success or failure of treatment. Nor was there a correlation between the size of the neuroma and the outcome. As the injections were directed by anatomical skin marking, it is possible that the therapeutic target may not have been adequately reached in all patients. For this reason, further studies of this treatment should be performed with ultrasound guidance in order to reduce the risk of treatment failure due to an incorrect site of injection of the drug [3] .
Another aspect that must be considered is the suitability of a dose of 50 U. This dose is the same as has been used at each site of blockade in other series on the treatment of neuralgia [45] . The percentage of therapeutic success would suggest that this dose could be appropriate, although it is not currently known whether any variation in the dose might improve the results.
Another issue concerns the onset, peak and disappearance of the analgesic effect of onabotulinum toxin. In movement disorders, the clinical onset of action of botulinum toxin typically occurs between 12 and 72 h after injection; the effect peaks between 1 and 3 weeks and this is followed by a plateau phase that for lasts for 1-2 months. Patients therefore often require re-injection approximately every 3 months [46] . However, our patients presented better results at 3 months than at 1 month. This long-term improvement is not uncommon in pain treatment and improvements have even been reported at up to 6 months [16] . Apart from its analgesic action, botulinum toxin is effective in reducing fibrosis. This has been observed in patients with neurogenic bladder, as those who received treatment with abobotulinumtoxin injection presented less bladder wall fibrosis than those who received other treatments [47] . In addition to pain reduction, botulinum toxin treatment may also produce a decrease in the size of neuroma. We plan to study changes in Morton neuroma size after botulinum toxin injection in the future.
An interesting finding was the absence of adverse effects in this series. The treatment was well tolerated and an exacerbation of symptoms was not observed in any case. A further relevant consideration is that these results were achieved after a single injection, whereas other injectable treatments have required repetition of the procedure on up to four occasions.
The fundamental limitation of this study is the absence of a control group and the data presented cannot therefore be extrapolated to other populations. This was an initial clinical investigation in the form of an open pilot study, the main aim of which was to open a new line of investigation for the treatment of neuropathic pain in Morton neuroma. The small sample size and the lack of objective outcome measures can be rectified in further studies. These limitations should be taken into account when designing future prospective research.
Conclusion
The injection of onabotulinumtoxinA in Morton neuroma has been shown to be useful to relieve pain and improve function in a 3-month open pilot study. This finding opens the door to further clinical research to determine the optimal dose, possible improvements in the outcome through the use of ultrasound-guided injection, and comparison of the results of this new procedure with other procedures commonly used in Morton neuroma. It would also be interesting to determine the possible effects of treatment on the size and characteristics of the neuroma.
To establish the role of onabotulinumtoxinA in Morton neuroma, it will be necessary to perform clinical trials that compare this new therapeutic option with the established management options in order to determine its superiority or inferiority, its profile of adverse effects and its relative cost. Such studies would enable us to determine whether onabotulinumtoxinA offers any advantage over the other known injectable treatments.
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